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SUMMARY

This final report on Contract F30602-80-C-0042 summar-

izes the AIL investigation to determine and demonstrate suitable

algorithms and corresponding computer software in order to pro-

vide open-loop adaptive control of the Microwave Transversal

Equalizer (MTE) previously developed by AIL 6nder Contract F3062-

78-C-0352.

The program task objectives have been successfully accomp-

lished by AIL with the application of Fast Fourier Transform (FFT)

techniques to provide an algorithm programmed on the RADC HP 2100A

computer. This procedure will ultimately be utilized to determine

the MTE amplitude and time delay adjustments necessary to equalize

the distortion introduced by an arbitrary network in series with

the equalizer.

Verification of the developed FFT and associated software

program was accomplished at AIL with a DEC-20 computer using

artificially generated simulated time sidelobe distortion typical

of the expected range of levels. Translation of the algorithm

from the DEC-20 computer format to the HP 2100A computer format

has been completed, and verification of the software program using

RADC I and Q data is underway. Preliminary data suggests that the

program translation task has been successfully accomplished by AIL.

It is expected that optimal data acquisition techniques and/or

preferred computer interface procedures will be defined as a

result of related post-delivery activities at RADC.
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I

1. INTRODUCTION

The objective of Contract F30602-80-C-0042 is to develop

an algorithm, and relevant computer software programming for the

RADC HP 2100A computer, to facilitate open-loop control of the

MTE in order to minimize time sidelobe distortion. The result-

ant algorithm using FFT techniques and associated programming

has been validated with artificially generated simulated distor-

tion data using the AIL DEC-20 computer and the HP 2100A computer

at RADC. A similar post-delivery validation effort will be con-

ducted by RADC personnel using real-time distortion data and tne

HP 2100A computer.

Section 2.0 will contain a brief discussion of MTE opera-

tional fundamentals in order to establish an inter-relationship

with the algorithm development program. Section 3.0 will pre-

sent a detailed treatment of the FFT techniques applied to

algorithm development for the MTE. Section 4.0 will discuss

the resultant computer program including applicable operating

and test procedures. Finally, Section 5.0 will present con-

clusions and recommendations for a logical continuation of

effort required to provide closed-loop operation of the MTE.
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2. MTE TECHNICAL DISCUSSION

A discussion of distortion considerations and the funda-

mentals of the MTE operation are presented in order to provide

the technical basis for computer control and adaptive equaliza-

tion of resultant time sidelobe distortion. A detailed descrip-

tion of the MTE, including operating procedures, is included in

Final Report RADC-TR-80-121 of 31 January 1980 titled "Microwave

Transversal Equalizer".

2.1 PAIRED ECHO THEORY AND DISTORTION CONSIDERATIONS

Algorithms for determining the settings of attenuation

and phase for each loop of a transversal equalizer rely heavily

on the paired echo concept. Accordingly, a brief review of this

theory is given below stressing its applicability to the present

program.

2.1.1 Paired Echo Theory

The paired echo concept and its application to the

design of a transveral equalizer (MTE) was described in Ref. 1.

It should be noted that this work wis supported by RADC. This

paper also gives a bibliography of prior work on non-microwave

MTE's and the now classic reference on Chirp radar by Klander,

et al. The latter emphasized the use of paired echo theory to

predict time sidelobe levels in Chirp radars. The essential

aspects of the paired echo theory are summarized below.

Ref. 1 - J.J. Taub and G.P. Kurpis, "Microwave Transversal Equal-
izer", Microwave Journal, 1969.
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Signals which can be characterized by a time function

of its Fourier transform (amplitude and phase vs frequency func-

tions), are subject to distortion when propagating through a micro-

wave component or a system of microwave components (such as a Chirp

radar). This distortion occurs because the system's transfer func-

tion possesses neither perfectly constant gain nor perfectly linear

phase over the spectrum of the signal.

We typically represent the transfer function in the fre-

quency domain and need to predict its effect on time domain dis-

tortion. By using the paired theory we can make relatively quick

conversions between the frequency domain and the time domain and

vice versa.

The system transfer function, or frequency response, of

an aribtrary system can be defined as:

H(w) = A(w) ejBMw (2-1)

where A and B are respective gain and phase functions defined in

Reference 1.

We must now assume that the signal transmitted through

the system has spectral components that are band limited. This

is a safe assumption for most systems. For example, in many radar

applications the signal's spectrum is confined to the electronic

bandwidth of the final power amplifier. Within a band limit of

W to Wwe can rigorously represent the A and B functions as

Fourier series:

2-2



A(w) = a + E cos (nw'e) + 0 (2-2)

and N

B(w) = bo '+ n b sin (nw'e + n) + K (2-3)
n l n

where:

W, w- w0

w + wh

W z h
0 2

2-.T
e w -w

In a distortionless network A(w) = a and B(w) =bow

Hence tie remaining terms contribute to distortion. This

representation leads to the time domain response including

distortion and so that for a band limited signal

Vi and its time function equivalent Vi(t) we obtain

N
Vo(t) = a V (T + b ) + a z E n+Vi (t+bo - ne)

n=l o

N (2-4)
+ a n n- (t+b +ne)

where VO(t) is the output time function and the constants En+ and

Er. represent echo or time sidelobe amplitude levels. These 1ovmls

are related to the Fourier distortion coefficients in equations

(2-2) and (2-3).For the case where 00 and o 0 they reduce to

2-3
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E a ~+b

0 (2-5)

En 1 an

A typical example of a distorted microwave pulse is given

in Figure 2-1. The echoes are clearly displayed. This analysis

desmonstrates that a frequency domain transfer function can be

represented by a Fourier series which enables rapid calculation

of the time domain response. Conversely, a measurement of the

time domain response which yields sidelobe levels can be used to

rapidly calculate the a and b coefficients thereby yielding the

frequency domain transfer function. The MTE settings cancel

distortion by injecting equal and opposite echoes in cascade

with the system.

2.1.2 Use of Paired Echo Theory

Since the MTE design and adjustment procedures are based

on cancelling distortion echoes, algorithms can be developed by

taking either frequency domain (I and Q data ) measurements or

time domain responses (time sidelobe levels in dB) and convert-

ing them into the necessary MTE loop attenuation and phase set-

tings to produce cancelling echoes. The key point of this dis-

cussion is that use of paired echo theory simplifies computation

and therefore significantly reduces computer time. Furthermore

it provides the flexibility to work with either frequency or

time domain data. In this program the actual procedure used

was to use I and Q data (frequency domain measurements).

2-4
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2.2 MICROWAVE TRANSVERAL EQUALIZER OPERATION

The MTE has been designed by AIL to cancel the para-

sitic time sidelobes caused by distortion, by generating its

own artificial equalizer sidelobes, whose envelopes are prop-

erly delayed (or advanced) to coincide in time with the para-

sitic sidelobes. In addition, the amplitude and phase of each

artificial sidelobe can be separately adjusted to produce an

equal amplitude phase reversed replica of the corresponding

parasitic sidelobe.

Generation of the equalizer echoes is accomplished

by tapping off portions of energy from the main signal lobe

on the main transmission path, directing these portions through

properly adjusted delay lines and reintroducing the delayed

signal portions back into the main transmission path with

proper amplitudes and polarity. The time domain output

response of an ideal MTE is shown in Figure 2-2. It should

be noted however that the actual response will consist of a

train of echoes with decreasing amplitudes (0.75 dB/tap) due

to the insertion loss of the mainline tapped delay elements.

A correction for the aforementioned MTE echo transfer char-

acteristics will be necessary in order to achieve the desired

tap attenuator setting with adaptive closed loop operation

(computer controlled).

2-6
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The MTE consists of four cascade connected microwave

integrated circuit mainlines and 32 secondary lines for the

purpose of generating a train of 8 pre- and post-mainlobe echoes

(16 total). A 3.3 nsec time delay between echoes of each train

is provided.* The amplitude level and time delay of the selected

16 of the 32 possible echoes are individually adjusted with the

PIN diode variable attenuator (electronically controlled), a

line stretcher variable delay (mechanically controlled), included

in each secondary line. The remaining 16 echo taps are terminated,

however these taps are available for use as required.

It should be noted that the transfer characteristics of

each of the 16 variable attenuators, as well as the 16 variable

solid state time delay units (when they are developed) are required

to properly achieve adaptive MTE control.

*Compatible with a 300 MHz bandwidth.

2-8
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3. ALGORITHI DEVELOPMENT

An algorithm has been developed using FFT techniques

to provide open loop control of the MTE. The technique will

be described in terms of the relevant input and output formats,

as well as the FFT algorithm.

3.1 INPUT FORMAT

The input to the FFT consists of aset of complex correl-

ations as a function of frequency. These samples can be expressed

by

H(jwi) = I (wi) + jQ(wi) (3-1)

where W is the ith frequency

I(wi ) is the in-phase frequency response

Q(wi) is the quad-phase frequency response

For the problem at hand, the foliowing frequencies are considered:

Wi = 27 [ CfL + (i-l) Af], i = 1,2 ...... 256 (3-2)

where

fL = 3.1 GHz

Af = 1.17647MHz 1.18 MHz

The last frequency is found by setting i = 256; that is,

fH 3.1 + 255 x 1.18 x 10 3.4 GHz

As a result, a total of 255 pairs of measurement data are involved

for a bandwidth of 300 MHz as shown in the format presented in

Table 3-1.
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TABLE 3-1. TAPE FORMAT FOR THE FREQUENCY RESPONSE

Word Index Notation Frequency

1 I(j1 I ) 3.1 GHz

2 Q(j I) 3.1 GHz

3 1(jw 2 ) 3.1 + Af

4 Q(jW2 ) 3.1 + Af

0 0 0

0 0 0

0 0 0

509 1(jw 255) 3.1 + 254 Af

510 Q(jW2 5 5 ) 3.1 + 254 Af

511 I(jW 25 3.4 GHz

512 Q(jW 25 3.4 GHz

Note:

1. Af = 3.4 - 3.1 1.18 MHz
255 x 10 - 3

2. Each word is represented by 8 bits in binary 2's complemert
notation; i.e.:

-128 < I,Q < + 127

The above representation defines the formula transforma-

tion required from the input medium to the computer.

3-2



The input samples are represented by

an 8 bit binary two's complement notation. Thus, a word is

defined to be 8 bit with the value of the word ranged from 127

to -128. In floating point notation the value is ranged from

127/128 = 0.992188 to

-128/128 = -1

3.2 OUTPUT FORMAT

The output of the FFT consists of a set of Nt = 17

complex MTE tap coefficients which represents a truncated Fourier

series representation of the equalizer transfer function. The

total number of relative equalizer taps is sixteen with the center

tap (number 9) taken as the reference tap.

The output tap coefficient will be presented by decimal

representation with the absolute magnitude of the tap less than

unity, that is: -1 < C. < I for i = 1,2,...17 and phase angle is

expressed in degree units.

Further data format transformation will be needed to

match the exact setting on the MTE attenuator dial.

3.3 FFT ALGORITHM

Consider again the measured frequency response of a net-

work with a transfer function H(jwi). The measurement can be func-

tionally described by the block diagram shown in Figure 3-1. The

input signal to the device can be written as

Xi(t) = Aicos (wit + 00) (3-3)

3-3
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H(w Qjwiw)o

FIGURE 3-1. MEASUREMENT SETUP
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where

is the i th in-band frequency

00 is the input phase angle

A is the amplitude of the signal

The response of the network is

Yi(t) = Bi  cos (wit + 9i) (3-4)

where

9i is the corresponding phase angle for the it h signal

B. is the corresponding amplitude for the ith signal

The quadrature hybrid is used to generate the in-phase and the

quad-phase components:

_1 i T A.B cos (wit+00 ) cos (wit+gi) dt (3-5)I J i) T 0 A' 1

and

f A.B sin (w t+ o0 ) cos (w t+9.) dt (3-6)
0

where T is defined as the correlation time. The correlator output

can be reduced to

AB.
I(jiw ) - 1 cos (0 -9. (3-7)

1 2 0 1

AB.

Q(Jiwi) = sin (0 -.gi) (3-8)

The gain and phase response as a function of frequency can be

expressed by

G i' + 2 Bi  (3-9)

i i 2

i tan-I (F ) + 0o (3-10)
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where the short hand notation is adapted; that is

Ii  = I(jW i ) and Qi = Q(JWi )

Since A and 00 are not a function of frequency, these measurement

data represent the transfer function H(Jiw). The impulse response

h(nT) can be found by discrete Fourier transform method.

A few assumptions will be made such that the Fourier series

approach can be applied:

(1) Signals passing through the network will be bandlimited to

300 MHz. To provide equalization over this bandwidth requires

a corresponding time delay. This defines the delay between taps

to be:

T = 1 1 =  3.33 nsecH-'L 300 x 10

(2) Since any digital filter spectrum to be realized will be

made periodic of period fs then the spectrum can be

represented by a Fourier series:

H(jw) =- ck exp (jkwT) (3-11)
where~ ~ c th k= -,,

is the kth Fourier coefficient defined by

S

c k- H(jw) exp (-jkwT) dw (3-12)ck - s  W

Generally, if the gain response is an even function and the phase

response is an odd functio.n, that is

G(jw) - G(-jw) (3-13)

9(JW) - -g(-jw) (3-14)
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then the resultant coefficients will be real. Note that these

requirements that G(jw) and Q(jw) be even and odd respectively.

lead to similar requirements that the in-phase and the quadrature-phase

components to be even and odd, respectively. In practice, however,

these symmetries cannot be assumed as shown in Figure 3-2. As a

result, the coefficients will be complex; that is:

ck = ak + j bk2 k = 1,2 ....... 17 (3-15)

where

ga + b 2 (3-16)

9k = tan-I (bk/ak) (3-17)

To achieve a set of real equalizer coefficients usually

means to double the upper frequency bound of the signal samples (w s).

When the upper frequency is doubled, the second half of the spectrum

is copied from the original bandwidth with the proper polarity

attached. Examples to illustrate these properties will be presented

in the next section.

3.4 FFT ILLUSTRATIVE EXAMPLES

A few examples illustrates the Fourier transform approach

to well defined H(jw) will be given in this section.

3.4.1 Lowpass Filter

Figure 3-3 shows a specification for a lowpass transfer

function with cutoff frequency set at 0.5 rad/sec and the upper fre-

quency bound (w s set at 2 rad/sec. The spectrum between w/2 to

3-7
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2 2
(a) GAIN SPECTRUM

S is 0 s

2T
(b) PHASE SPECTRUM

FIGURE 3-2. GAIN AND PHASE RESPONSE (GENERAL CASE -ASYMM4ETRIC)
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Q(jw) uG FOR ALL w

FIGURE 3-3. IDEAL RESPONSE OF A, LOWPASS FILTER
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W s is duplicated to provide an even function for the in-phase

response I(jw). The quad-phase response is set to zero.

The Fourier coefficients can be readily found to be

c k _1- sin (ku), k -N, -N+I,...N (3-18)k 0 0 and N = 8

and C0 = 0.5.

For the case N = 8, or 17-tap equalizer the response of

the network can be plotted as shown in Figure 3-4.

Generally, the performance of such a filter indicates

a passband ripple of 0.75 dB and a stopband rejection of approxi-

mately -20 dB. Direct truncation of the Fourier series leads to

the well-known Gibbs phenomenon. The ripple, in generaly, cannot

be reduced by simply including more taps as displayed by the 25

tap version shown in Figure 3-5.

The reduction of the passband ripple and stopband attenu-

ation is later approached by finding a time-limited function whose

Fourier transform best approximates a bandlimited function. This

approach leads to the well-known Kaiser window expressed by:

Io  (B/ 1 (K/N) )

w(K) = I0 (a) -N K <N

where a is a constant (0 < < 0)

10 is the modified Bessel function of order zero

N is half the number of taps

The constant B can be determined experimentally. Figure 3-6 shows

the same 17 taps frequency response with Kaisier window. The

3-10



L

I.L

3-11



CD-

LLJ L

Lo U0.

LA.

:=Mm - Lz

CD,

(A

Ln 0)

CLI

(SP) NIV9

3-12



LUI

L

LU
-j

LUJ -

V)

Now- UNIVn

3-33



passband ripple is essentially vanished and the stopband rejec-

tion is reduced from -20 dB to -38 dB, Note that the windowing

operation is a proper scale function applied to the impulse

response of the filter. It does not change the hardware con-

figuration of the filter.

3.4.2 A Differentiator

The response of a differentiator can be written by

the equation

H(jw) a jw, for -w s/2 < w < ws12

This is the case that the in-phase response is zero and the quad-

phase is an odd function. As a result, the coefficient (or the

impulse response) is real and odd functions; that is,

W
s

Ck ! 2 w sin (kwT) dwws 0

f w sin (kwT) dw where T _ 2r =r, ws = 2
0 Us

- cos(knT) k = -N, -N+l, -1l,,...N

k 0

where k = 0, Co = 0.

Figure 3-7 is the response of the filter with 17 taps and Figure

3-8 is the response with Kaiser window. The parameter a for the

Kaiser window is set to 3 to reduce the ripple due to direct

truncation of the Fourier series at N * 8.
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3.4.3 Hilbert Transformer

The frequency response of a Hilbert transformer can

be defined as

H(jw) ij 0 < W < W/2

j, -- < W < Ws

The discrete Fourier transform can be expressed by the impulse

response

h(n) = iin2(n /2) n 0( nr/2)n~

0 n 0

The comparison between a 17 tap filter and the ideal transform is

shown in Figure 3-9.

3.4.4 Equalizer for an Arbitrary Function

The transfer function of an arbitrary frequency response

H(jw) =I (jw) + Q(jw)

over the band of interest is considered. Since the samples are

not symmetrical in any sense, the resulting tap coefficients will

be complex and asymmetrical. The matching of the ideal versus

17 tap equalizer is plotted in Figure 3-10 and the resulting com-

plex taps are tabulated in Table 3-2. Note that the equalizer taps

are complex:

Ck = Xk + j Yk' k 1,2,....17

3-17
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and the gain and phase adjustment can be found by the transforma-

tion

gk a 10 x log (Xk
2  Yk

Ok a tan-l (Yk/Xk)

TABLE 3-2. RESULTING EQUALIZER TAPS

x. Y.

Index Xi

1 0.438043 -0.036516

2 0.931036 0.043327

3 -0.092596 -0.064665

4 0.086571 -0.686610

5 -0.074379 -0.578472

6 0.132042 -0.643479

7 -0.213581 -0.047679

8 3.133260 0.643330

9 2.183238 4.936495

10 3.120918 0.712413

11 -0.187885 -0.225917

12 0.090602 0.764618

13 -0.032419 0.508859

14 -0.005370 0.732557

15 0.036480 0.031661

16 -0.890202 -0.018254

17 -0.468842 0.016737

3-20
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4. CONTROL PROGRAM

A Fast Fourier Transform (FFT) subroutine is employed

to calculate the set tap coefficients for the equalizer. The

equalizer taps are calculated in a recursive manner.

The input to the AMTE consists of a set of N complex

correlations as a function of frequency. These samples can be

expressed by the transfer function

H(jw i ) = I(wi) + j Q(wi), i = 1,2 ..... ,N

where wi is the it h  radian frequency, I(wi) is the in-phase

frequency response, and Q(wi) is the quad-phase frequency response,

and N is the total number of sample points.

The output of the AMTE is a set of Nt equalizer taps.

For the system at hand N is set equal to 17. These complex tap

coefficients are obtained by a truncated Fourier series coeffic-

ients. The output tap coefficient will be presented by its mag-

nitude setting (in dB's) and phase setting in degrees.

4.1 FLOW CHART

A simplified flow chart of the main routine is shown

in Figure 4-1.

4.2 PROGRAM IMPLEMENTATION

The program is implemented on the RADC HP 2100, with

the operating system configured on 2/6/81. The steps to be

taken for execution of the program are:

After the logs on the HP 2100, the system will return

the prompt sign ":". At this level, it is necessary to link

the compiled version of the program SZA::45. To link, one gives

the command:
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START

ENTER TRUNCATE
MEASUREMENT IMPULSE RESPONSE
DATA TO 17 TERMS

SET UP (INPUT) (TAPCO)

PARAMETERS
(INTLZ) Z

PERFORM WINDOW
DATA FORMAT FUNCTION ON THE
TRANSFORMATION 17 COEFFICIENTS

COMPUTE (ClNG) (KASER)
EQUALIZER
SETTINGS
(DIAL)

CHANGE INTO CALCULATE
FFT FORMAT ATTENUATION (dB)
A(N) AND PHASE (DEGREES)

PRINT (FORM) (OUTPUT)

HEADINGS
(HEAD)

CALCULATE CALCULATE
RECIPROCAL OF ATTENUATION (TURNS)
SAMPLE TRANSFER AND LINE STRETCHER
FUNCTION, 1/A(N) SETTINGS (DIVISIONS)
(INVT) (DIAL)

DISPLAY
PERFORM FFT ATTENUATION AND
ON I/A(N) LINE STRETCHER
(FFT2C) SETTINGS

(HEAD)

DISTOYNURO

ITERATIONSN

WHETHER COMPENSATED

FIGURE 4-1. PROGRAM FLOW CKART
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OF, AIL <CR>

Then after computer responds with ":" then type

RU, LOADR, XX <CR>

where XX is the peripheral number of the user's

terminal (this may be optional) and <CR> is

the carriage return key

The computer responds by giving a prompt of "/LOADR:". After this

prompt, the user types:

RE, ZA <CR>

The computer then lists the main line and the subroutines and

functions called for by the user's program, in this case, $ZA::45

while lnking them together. When the computer is through linking

these together, it comes back with another "/LOADR:". The user

should then type

/E <CR>

The computer than links and lists on the user's terminal as it is

linking, library routines and functions necessary for executing

the user's program. The computer then comes back with:

"XX PAGES RELOCATED" "XX PAGES REQ'D"

"NO PAGES EMA" "NO PAGES MSEG"

"/LOADR:XX READY AT XX (date, time)"

"LOADR" $END and it gives a ":" prompt

At the prompt, the user should run the program that has been loaded

and linked, now called "AIL:. The command is:

"RU, AIL" <CR>
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The computer then outputs any messages and data from

the program, as it is running. The sequence of output should

be:

INITIAL SETTINGS AT STEP 0 SHOULD BE...

ENTER THE FILE NAME

At this point, the user types in the name of the input

file (containing a distorted sinusoid, if created by AT1O as des-

cribed), for example we could use ADOOO, one input file from ATIO;

to use ADOO0 one types "AD000" (return)

after the message "ENTER THE FILE NAME".

The computer then prints out this message:

INTERMEDIATE SETTINGS AT STEP 1 ARE:

The computer then prints out the attenuator and the line

stretcher values for the equalizer, then continues.

If the distortion has not been compensated in the first

iteration, the program goes back to suhroutine INPUT. The program

repeats this loop 10 times, or until the distortion is less than a

threshold set to be -45 dB, whichever comes first. When the pro-

gram reaches the point of exiting the loop, it prints out either:

"AFTER 10 ITERATIONS DISTORTION CANNOT BE COMPENSATED"

or:

"DISTORTION COMPENSATED AFTER XX ITERATIONS"

then:

"AIL: STOP"

The computer then returns to the system level, and the user can

perform other tasks, or sign off.
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A sample run of the program implemented with input

dat6 is contained in Appendix 1.

4.3 COMPUTER SUBROUTINES

The following discussion includes the entry points,

input arguments and output arguments of each subroutine in the

AMTE program, and what the subroutines or functions accomplish.

1: Subroutine INTLZ (DMYl, DMY2, N, NTAP, BETA, 110, 10, KSW)

initializes constants and arrays.

inout: None

OUtput: DMYI, DMY2, N, BETA, 10, KSW

DMYl A Initial attenuator (dB) setting

DM Y2 B Initial phase (degrees) setting

NNumber of points to be transformed

NTAP Number of taps

BETA Constant used in KASER subroutine

10 Output device number

KSW. Format Flag

KSW = 0: the data is expressed in decimal form

KSW = 1: the data is expressed in octal form

110 Input device number (mag tape drive)

2. Subroutine DIAL (NTAP, DMYl, DMY2, X, Y)

This subroutine calculates attenuator and line stretcher settings.

Input: NTAP, DMY1, DMY2

DMYl, OMY2 - updated attenuation (dB) and phase (degrees)

Output: X, Y

X updated line stretcher (division) settings

Y updated attenuation (dB) settings
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3: Subroutine Head (X,Y,NTAP, ISW, ICNT, 10)

This subroutine displays attenuator and line stretcher settings.

Input: X, Y, NTAP, ISW, ICNT, 10

X, Y line stretcher and attenuation settings

NTAP number of taps

ISW ISW = 0; sidelobe distortion < -45 dB

ISW = 1; at least one sidelobe > -45 dB

ICNT iteration counter

4. Subroutine INPUT (N, IBUF, 110, 10, KSW)

INPUT defines input array of in-phase and quadrature-phase data.

Input: N, 110, 10, KSW, file name

File Name file on which the data is stored

Output: IBUF

IBUF an array containing both I & 0 data in octal form

5. Subroutine CHNG (N, IBUF)

This routine swaps the upper half of the FFT input array with

the lower half.

Input: N, IBUF

Output: IBUF

6. Subroutine FORM (N, IBUF, A)

FORM will compute complex array A = I + jQ and also gain =

5 loglo (122) and phase = tan- (Q/I)

Input: N, IBUF

Output: A

7. Subroutine INVT (N,A)

This subroutine computes the sequence to be equalized:
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A. = 1
A. A where i = 1,2,3,....N

Input: N,A

Output: A

8. Subroutine FFT2C (A,M,IMK) computes the Fourier transform of

the input array A

Input: M,A

Output: A

9. Subroutine TAPCO (N, A, NTAP, COEF, 10)

TAPCO truncates array A(NY into finite terms. The number of

terms is defined as NTAP (number of taps) to specify an equal-

izer. The variable 10 is a device number for the output which

is normally computer-dependent. The resulting equalizer taps

are stored in COEF (NTAP).

10. Subroutine KASER (NTAP, BETA, COEF, 10)

This subroutine applies the KAISER window function to the trunc-

ated Fourier transform output COEF (NTAP). A functional sub-

routine BESSL (X) is required to compute the window parameters.

BESSL is the modified Bessel function of the first kind with

zero order. The argument for the BESSL is X.

11. Subroutine OUTPT (DMYl, DMY2, COEF, NTAP, ISW)

Subroutine OUTPT computes updated attenuation (dB) and phase

shift (degrees).
A DMYL.

X i  = 20 loglo (10A); A = __-__ + 1

o20 log 1 0 ( 1 0 B; B T-T +1i = 2 O l 20

updated attenuation i = 20 log 10 (1 0C)X.+Y.

where C 20 + 120

and i = 1,2,....N
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DMYI - previous attenuation (dB)

ATT - present tap indication (dB)

i =N
phase shift = p se

E phase.i
i=l 1

Input: DMYI, DMY2, COEF, NTAP

DMY1 - updated attenuation setting (dB)

DMY2 - updated phase shift setting (degrees)

ISW - ISW = 0; sidelobe distortion < -45 dB

ISW = 1; at least one sidelobe > -45 dB

12: Subroutine DIAL (NTAP, DMYl, DMY2, ISW, ICNT, 10)

DIAL was described previously.

13: Subroutine HEAD (X, Y, NTAP, ISW, ICNT, 10)

HEAD was described previously.

14: Subroutine END (ISW, ICNT, 10)'

This subroutine will print a message depending on what the

inputs are:

Input: ISW, ICNT, 10

Output: If ISW = 0, message is "Distortion compensated after

so many iterations"

If ICNT = 10, message is "After 10 iterations distor-

tion cannot be compensated"

15: Function ZLOG2: This function calculates log to the base 10

of the input quantity X. It takes the natural log (ALOG) of X

and multiplies by Y, where Y = I/logelO.

16: Function ZNI: This calculates arctangent of input quantity

(in radians).
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4.4 COMPUTER PROGRAM LTSTING

The following is a listing of the computer program:

':CIoC: Fl EVIC Elt FILE 1 23
PPOGPRRI iL

0 ) 05 D I MEN IIN IE:L'_F i 25, DMY I 17) * DMYZi '17) X ><'17)Y 7)
C '~'E.DI MEN. I ON It- t* 9

I C T=

1:1 IZ, fINITIAILIZE CONfTAiNT7
1( )CALL INTLIZ DrlMYi * DMY2.N.iTFIF. BETA. I IO.ICld .

C CALCULATE INTITIAL RTTENUATOP ANID LINE TEC.E TINI3

Lt: DlC7PLRY RTTENLIPTOR AND LINE STF.ETC:HER CETTINGS
CjII14 CALL HEAD KYN T A P II 1 CT 10)1

10 ii0 I= 1.1"
Ii:NT= I

1:17 I;:(IC.NT.E;'.C GO''3 TO 20
(11-11 C ENITER C:RMPLE TPRHNCF'EP FUiNCTION RI I AND Q DATA

019CALL I I I LI T N. I BU F I 10.9 10 k'K t.
00 0HIFT riATA N.,2 AP
0 121 CALL C.HNG (.N., IUF:
:i2C C:OMPUTE TRAtN-.FER' FUNCT ION A (N) 1 (.N..' +JG! .N'.
':23CALL FORMiN. IBUFq'A;

':1124 C COMPU'TE EiOURLIZER TRANC'ZFEW- FUNCTION 1-Rt.N),
CALL I NVT '.N .A;

('02 C.PERFORM FFT ON A
0027 CALL FFTE:A9M! IW.)

:,~ S : TRUNCARTE THE IMFLILC.E PECFONC7E TO 17 TERMS
01:29 CARLL TAPC:O (N.A.NTAPCOEF.IO).
1:131 Cy Ij PERFORM wi'NriOW FUNCTION ON TRUNCATED ZERIES,

I CALL IKA:-EP (NTAP. BETA!-COEF2'
~0 1,2 C, CALCULATE ATTENUATION 4f'B;' AND PHAS.E SHIFT (DEGREES,-
003_.3 _ CALL OUITPT 'tiMr'l * MY(2, COEFNTAP, Iti..i

1:4 C C ALCULATE ATTENUAT ION (TURNC I. ANDI LI NE STRETCHER O ETT I NG:-;
0 0 i3 CALLDILTF M1'W* < r

1) E. C.DI LY ATTENUATION AND LINE --TRETCHER .1ETT1NES&
007CALL HEAD k':<Y!rAP. 1:iF~,IC.NT., io
iiI~ IF( I ChIW. EC,. 011 '30 TO 20
003 o1 CONTINUE

0:040 C tIICPLAY AFTER HOW. MANY ITERATION:: DISTORTION 1.0:7
C14 1 .M'NCTE -UP THAT IT ".1W HOT COMPENCA-TED AFTER A

0:042 C GIVEN NUMNBER OF ITERATIONZ7.
0 11:4 2 1i CALL END I II. ICNT. 10.1
i,44 WR 1I T E 37 0'
0045 :,,zl80: FOPMRiT- AlL STOP'")
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0047 C:
n: 4~ ,_' .

0049 C CALCUTE LOG TO THE BASE 10
0050l FUNCTION ZLOG1 (X)
0051 0A. 4034:944819
0 :52 IF (<.LE. 0.)x=1.E-10
0053 ZLOG 1 =Y.ALOG (X)
Al54 PETUPH
00:55 END
0(156 C
o:57 C CALCULATE ARCTANGENT
001I"58 C:

0 I015 9 FLIN -T ION ZN2 ('YX'
,6 I F cX. EQ. 0.) ;= 1. E- 1 0

0061 P =. 141592654

0 ci6:3: Z -'N2=ATAN ,.Z)
0064 IF(X.LT.0 ZN2=ZN2+PI
0065 C WRITE (37'976 2

0066 976 FORMAT .IX,El2.5.IX,E12.5)
0067 RETURN
0 0 068 END
0069 C

0071 C CALCULATE BESSEL FUNCTION OF THE FIRST KIND WITH 0 ORDER
1072 FUNCTION BECS:L CX)

0073 =X/2
0074 DELTR=lE-8
0 075 E=I.
)007 6 DiE=I •

00ii77 DO I I=1.25
0078 DiE=DE*Y/FLOrT('I)
0079 SDE=DE*DE
0080 E=E+SDE
00I IF 'E*tELTA.GT. SDE) GOTO 10
0082 1 CONTINUE
0033 10 BESSLtE
0084 RETURN
0085 END
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0086 C
0087 C
0088 C SWAP THE UPPER HALF OF THE ARRAY WITH THE LOWER HALF
0089 SUBROUTINE CHNG.N.G IBUF)
0090 INTEGER IBUF (1)' IPUFI (300)
0091 KI=(N+l>'2
0092 K2=K1-1
0093 K=N/2
0094 DO 10 I=KI1N
0095 J=I-K
0096 IBUF1(J=IBUF(I)
0097 10 CONTINUE
0098 DO 20 I=IK
0 099 J=I+KI
0100 IBUF1(J)=IBUF(I>
0101 20 CONTINUE

0102 DO 30 I=IN
0103 IBUF(I)=IBUF1(I)
0104 30 CONTINUE
0105 998 FORMAT (IX,12(1691X))
0106 ZX=1
0107 CALL TYPE(ZX)
0108 RETURN
0109 END
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0110 C
0111 C PERFORM POLYNOMIAL FUNCTION TO CONVERT FROM ATTENUATION (DE,
0112 C TO ATTENUATION (DIAL TURN'.) AND FROM FHAC.E CHIFT,.DEGFEE.-
011:3 C TO LINE STRETCHER SETTING: (DIVISIONS
0114 C
0115 UEOUTINE rIAL (NTPEMYIDMY2,X,Y)'
0116 DIMENSION FI:(17.,i(I17),A2(17'.A,:}:(17;s:
o17 iMryl (1):,DMY2l) ! .) ,Y( I)
0 11: DATA A0.-.9102,-.'261.-.92 1,-.E.881,-.8607.-1.229?"
0119 1-1.1216.-i. 1-16"0. ,-.6644.-.2:416.-1. 0.-.9169,
01--0 a:-E. 1413-:-. f42,-i. 0342,-. 73543/,

0121 DATA A1/-. 1166,-.0732.-.11it,-.0j2:5;. -. 102'-. 129.2,
01. 1--. 1I0:5,-. 1I075. .,-. u8-205, -. 0:7206,-. 1176,-. 0946, -. 1....

012. 2-.J05173p-. 11929-.0 7771/
0124 DATA A2/-. 0009174, . 0012 . . 00(338.! . 01829 .• 0:0 3621
0125 1 . 0000716. -. 00 03624. -. 00'::624! . . . f 9 I':.I:, -. 00022 :-E-
0126 2-. 0000I:13543 .00672 i:,2. . 0006742P . 00238:7y -. 001 177. . 001285-
027 DATA A.--. 00003:''83797. . 0I:':'0377l , -. :01:11:12436. . 000011 i 5,
012F: 1-. 01:000212,- . 00 0033'-"18-; - .,00:'02,73. - . (000(2773 . , - . 00002:5 096,
0129 2'-. o0000oes.r-. 00i0i02?3, -. 000016696.-. 0l:1.'101571,. 01.:'0011276.
(i1S0 3-. 1:011444,-. 0.1:1008216i
0131 DO 10 I=1,NTAP
0132 1

0133 IF(I.LE.8;, J=9-I
0134 YI=A 0(I) +A 1I) *DMY 1 ::, +2 (I) MY1 .j) ,DMY 1 (J)
0135 Y2=A3 (I) *DMYI (J? ,DMYI (.J) *DrMYI (Q>
0136 Y (I) =YI+Y2
0137 X< ( I- =DMY2 .J; * 3. -634/('360. *I . 091)
0138 IF (YI ) .LT'. 0. 0) Y (I) =0.0
0139 IF (Y (I). GT. 10. 0) Y (I =0. 0
0140 IF (X (I). LT. o. 0).': () =1 . 0
0141 IF (X(I).GT. II.0) X()=1II.0
0142 10 CONTINUE
0143 C WRITE (37,979) ('I)!I=1.NTAP)
0144 C WRITE (37,979) (7(I). I=1,NTAP)
0145 979 FORMAT (iX4(E12.514.E12.59 1x))
0146 ZX=2
0147 CALL TYPE (ZX)
0148 RETURN
0149 END
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0 15( C

0152 C PRINT OUT WHETHER DISTORTION IS COMPENSATED AFTER THE
0153 C LAST ITERATION
0154 CUBROUTI NE ENDdCW.!IC:NT'IO)
01155 IFU(IN.E0. GOi3 TO 10
01156 (tprTE: 7?.2) I NC T
0:157 2ao FOR'MAT/.3>-:,SHAiFTER.13,31p~H ITERATIONS DISTORTION CAN NOT.
0158 114HB-E COMPENCAFTED.')
0-159 GO TO 30
016E.0 1 0 COiT1I NUE
0 161. I CNT=I CNT-1I
0I162 lWP I TE .37. 40', I CNT
063 40C FORMAT c..X28HIISTOR.TION COMPENSATED AFTERPI2i liHITERATIONO

0164 3(:: CONTINUE
0165 Z'X=3
0 166E CALL TYPE ('.X,,
0116? RETURN
0l168 END

0169 C:
0170 C

0 172 URUIEFOR.M(NPIBUF,Ai)
0173 COMPLE< A1
01174 DIMENSION IBUFUl)
0175 C: COMPUTE COMPLEX RRAY A=-I+JQ
01716 DO 10 I=19N
01??III7FI'5
0178 IB1=IBUFq.)-a56*IAI
0179 IF(IA1.GE.1281IAI8-256
01180 IF.II'1.G;E.28)B11IB1-256

0182 XQ=FLOAT(IBI)-'128.

01184 1 0 C ONT I NUE

0185 998 FOPRT (.1X4(E1.5P1XiEla.5q1X))
0186 ZX=4
0jle7 CALL TYPE'X)
0:188P. RETURN
0189 END

I2' C1) C
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0l192 UEPBOUTINE HEAD XY- NTAIP, 1-'7 IGCHT!. 10)
019D rI MEN'S I ON F 1'ci'.817)

0 194 DHTA ZF'4H1 A=.4H2: A=!,4H:- A'=4H4 A.-4k5 8=94W, Al,4H7 R=q
04H5 1: R=.4H M ='4H1 EP=.4H2 E=r.4H.3 E=.4H4 E:=.4H5 B=!,4H6 B=!,
('9614H-7 E=. 4Hk: 1B='

0l1 7 FRI TE '7.- 14 5:
19 145 F0PMFiT'1HI',

':199 I C NTI= I CrNIT +
'' 30 TO '1uLIdeLudcIIcUe,., ICNTI
1iON Ii NUE

ca':aI-RI TE ' EQ7. 150.' IC:NT
UcIJ3Lri PL~r AiTTENUATION ANDi~ LINE CTRETCHER SETTINGS

02: 5'FOPMTtZ.1S.X.25"-HINITIAL SETTINGS AiT STEP !-I1,11H :HOL'LD BE:
C, j"0 TO a':'s

0206 a : COHT I HUE
020'7 I~1 = 1 44 1

10 TO a ?0a:0 l' 7W1
a 1:~a ONT I HUE

01210 t IRT E J15 5)C N T
C:'aii 155 FOM~,1:.9ITREIAESETTINGS AIT S:TEP,1295H AIRE:)

0212 '0 TO acs1
('1 0 -CONTI NUE

0ai14 ''RITE'?>3 160 1iCNr
0C,15 160"i' FOFMT/21::2HF INAL S,7ETT INGS AiT STEP 912p 5H ARE:)

'16 205 CONTINUE
oa1 17 ''RITE ,:1 ?65)
0:2i8 965 FOPM8iT t*- - IX lHATTENUATOR (TURNS) 31 X 19HL INE STRETCHER D I V

(12, 19DO 210 I=1eNTAF
Cae': IsIWPI TE 3:. .-.- 17 0) 28 (I) Y I' .8 (I) ,XI)
01221 170 FOFMAT (1)X',:9141FE6. 3o34X ,8F4!1F4.1I)
0222 210C CONTINUE
022 IZ.,X= 5
01224 'ALL TYPE CZX)
01225 PETURN
0226, END
022?
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0228 C:
0229 SLUBROUTINE INPUT(N! IBUIF!,II0~ I0,K'jJ"
(I 2130( DIMENSION Iri~e:256*. .gNAIM'3) IBUIFt.2'5&'.
01231 DIMENSION IPttF0U28) ,IBF:L(128)
0'232 14RI1TE (37i.10)1

023 10 FORMT(/.1 ENTER THE FILE NAME
023:4 READ(3 715) NAN
023.5 15 FORMAT 3A2)
0)2 36 IL=N
023?7 CALL OFEN'E'CE. IERR.NM)
0 238 IF (IERRP.LT.C0)130O TO 9400
02E39 L ENTER DATA IN OCTAL FORMAT
02401 CALL ReEADrFcIlC. IERRP. lPUFXJ
0J241 CALL R-AlF (fl'CBP-IERRq.li)
0242 IF(IERR..LT.0)GO TO 910.
0243 CALL CLOSE(IDCEiIERR)
0244 C FILL ARRAY WI1TH IN-PHASE AND QUAIDRATLIRE-PHASE COMPONENTS
0245 t'O 60 J=19,128
0246 1 BLIF(Q:=I BUFOJQ
024? 60 CONTINUE
0248 rDO 7o K=I1,128
0249 I EUIF (K+ 128)1 = I BUF 1 (K)
0250 70 CONT INUE
0251 998 FORMAT (1X!.12(16!-1X))
0252 60 TO 999
0253 900 IJRITE(c37. 30() IEPR
0254 30 FORMAT(',q" FMP ERROR "4
0255 G0 TO 999
0256 910 61PIT E(3-7e2 0)
025? 20 FORMAT.-q' ERROR READING THE FILE '

0258 999. D= 6
0259 CALL TYPE (ZX)
0260 RETURN
0261 END

0262 C
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0263 C
0264 C INITIALIZE C:ONS7TRNTS AND APRRY
0265 LIBR0UT I NE I NTLZ (DMY1, DMY2N N, NTAP, BETA, I Is KSW)
0266 I ME-:!ION DMY 1(1),,DMY2 (1),A(17) ,I:(17)
0267 DATA A--. ... 64-59. 964. -51. 172 -E 743, -77. E.61, -E. 1
026. 1-,7. ,14,-.,. 56. 4!-_1,44. 449.-6. 143,55.3 5,. 741.
0269 2-54.419,-6. fi4, -_57... ,. i047~ -5_8. 96.5/

0270 DATA E/B659.... 2'- 1 ,
0271 1E.70. 0'. 859 _ . 16., 443. '3. 129'. 3'51 E. 6 561 .9 7 ' . 1,
0 271 E 254. 1)4, 151.3, 345. 82,670. :-:/.

0273 N=256
0274 NTAP=17
C:0275 tO 10 I=1.NTAP
0276 DMYI (I) =R I.
0277 DMY2 (I, =E: I),
0278 10 CONTINUE
0279 BETA=1. 0
028 0 II O=37
(281 10=37

0282 C FOP DECIMAL I&'.KSW=:
0283 C FOP OCTAL I&:0,KSW=1
0284 KS W l= 1
0285 ZX=7
0286 CALL TYPE (Zx:)
0287 RETURN
0288 END
0289 C
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0290 C
0291 C CALCULATE THE RECIPPOCAL OF THE TRANSFER FUNCTION

0292 SUBROUTINE INVT.A)
0293 COMPLEX A(l)

0294 DO 10 I=1.N
0295 A ( I) = I. / (A (H I.', *FLOAT (N,
':296 10 CONT INUE
0297 C WRITE (::7.' 8) (A(I)'I=1,WN

0298 998 FORMAT tl\,4(E2.5,1X,E12.5,1X))
0299 ZX8
03r,1 CALL TYPE ZX)

01 RETURN

0302 END
03 c' C
0304 C
I0tC5 C APPLY KAISER WINDOW FUNCTION TO S:MOOTH OUT THE RIPPLE DUE
030E. C TO TRUNCATION OF THE FOURIER 'IERIES

0 307 SUBROUTINE KASER (N.- B C)
0308 COMPLEX C: (1)
0309 IF(B.EQ.O.O)GO TO 9999

0310 NV2= (N+1),2
0311 DO 10 1=19N

0312 Z2=FLOAT (I-NY2)/FLOAT (N/2)
031 13 Z3=B*.SORT (I. -720.Z2)
0314 C (I) =C (I) *ESSL (Z3. /BESSL (.B)
0315 10 CONT I NUE
0316 C WRITE (37.979) (C(I) ,I=,N

0317 979 FORMAT IX.4(IXEI2.5 1X,El2.5;>)

0318 9999 Z.X=9
0319 CALL TYPE(ZX)
032 0 RETURN
0321 END
0322 C
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LIE4 :IE;FOUTINE OUTFT(DMrlM'1~riM'raCOEF .NTFIPiF'. WI.
Li :c~ COMPLEX< COEF-.
0.3-26- r11MEN:I ON Dl1 1:, - DMY2 h1 RFT T . 17) PFH 17)
.- I DO 1i: I=1.NiTFiP

0,3-29 <=A EMt C EF I)

ii 1 COMPUTE FiTTENURTION OF DbISTORTION
cL3 1 A A =X 9 :R.<+ X I .: X I

11332 FTT')=10.*ZLCG1 RfiR)
'33C COMPUTE THE F'HRFE ZCHIFT OF TAtP CJJEFFICIENTS.

CI ip iR TE (-7-':47 ' PH::-. (I;-? Z
S47 S FOP'MRT 1',: -EI i.5. 1X E 12. 5;

11-1 C rT I NUE

L4 41 :i T Ti RT T I-F T T9
-: 41 Fl-C I =PH+ I -PH2 (

4 -' I: OiT I ri41JE

'-::44 NTRiPl=NTRiP-1

DO I=1.INTRPI

03, 4'-1 .JI .C 4

Ci~ 4-I(TT..-45.)GO TO 1

0315 '30 TO 3(1

0251~ 15: CONTINUE

1)1 4 IF 1.l .E'.C0)130 TO 401
C"-:: 5 5iO 5-'' I=104TRP

*-LO I k I=.i 1 0
riMY! ( I ai:U. *LOG 1 (k11):. OX +Y:) C 20 -;

C1359 rlmyac (I) = DMY2 (I. +FHC.7 I)
0i3: .c 50 C ONT I NLIE
0:36 1 40C C OrT I NLE
03S62 ItdFITE (2:7!996)
0 3. It: 96 FOFMPT (1 <. I4HFiTTENLIATOP:E'iEO ,,.i7X!19HLINE C-TRETCHEp,(rEG.* ---

A 3 E t 977 FORMAFT .~E25>A'1..
oS.8 881 CONTINUIE

0370: C RL L T YP E X
037 S 'FETURN
('3-72 END
03-73 C
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0)374 C
f:,35 O*UBROUTINE TAPCOttIA!NTA1P.C:OEF, ID)
03:.76 COMPLEX A(.P'COEFQ.)
0 3 77 NV2= tNTAiP+b* -2
0 3-7 8 W21 =Ni-NY2+1

07 9 NV1=NV2+1
03p. 0 C TRUNCATE THE RRAFY Ai('N) INTO Ai GIVEN NUMBER NTAP.) OF
0381 C TERMS
038-:2 I'D 20 I = 1 'tW2

ri22 -Nv-I1 + 1
38 4 COEF (.I) =Ai (.J)

0'385 20. CONT INUE
038E. C OBTAIN THE LIPPER HALF OF THE COEFFICIENTS CENTERED
0387 C AROUNI' t.NTAiP+)/2

0,211ID 30 I =NV 1q'NTAiP
032. 89 J=112 1-I
0390 COEF ('I, =Ai (J)
0391 30 CONTINUE
0l39q2 C WRITE '-379979> t'COEFUI),I=1tqTA9)
0393 979 FORMAT (1X,4(1XE12.5,1XE12.5))
0 394 7X= 11
01395 CALL TYPE (Z)

039 RETURN
0397 END
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0398 C
0399 C
0400 JUBPOUTINE FFT2C k,M, lWk)
0401 INTEGER M. II,-IK(1)
0402 COMPLEX A(;.
0403 C
0404 C
0405 INTEGER II.sJJ1, PKKIe&, K KNMK, MMMP!,
0406 1 N4.r?,.N2,LMNNJk0:41f'? PEAL PA' C:! i C2, C3 : 2 " .CI l, : ] :1, ,3
0408 R ,,

0409 C 2 ZERO!,ONE Z0(2,ZI (2,Z3(2-
0410 2 ZER.O, E E Z 0:;2) Z1 (2: z3 , , Z2 t2')
0411 COMPLEX ZR0nZ:A1.ZA2,ZR3SAR2
0412 EQUIVALENCE (OZOA:(l ) 'v.ZA1,1( 1),) (ZR2pZ2(1)),
0413 1 (CA3:Z3(1. (A',:O(1) . (.r0C0,2), (MIZI I>,
0414 2 (BI ZI(2:,, (2,Z2(I:) (B2,Z2(2)),(A3,Z3(1)),
0415 ( p Z (2) ,
041. DATA S&.707106781-
0417 DATA "-; ,,. 2, 43"/
0418 DiTR ClK.-. '.--23.79533/
0419 EiATH TWIOPI.-6. ES:31 : 1
04E: DATA ZERO/0. 0", ONE/1. 0/
0421 MP = M+I
0422 N = 20*M
0423 ItK(1) = 1
0424 MM= (M/'23 *2
0425 XN = N+1
0426 DO 5 I=E2MP
0427 IWK(I) =IJK (I-1) +ItlK (I-1)
0428 S CONTINUE
0429 PAD = TIOP I'M
0430:1 MK M - 4
0431 K.= 1
0432 IF (MM .EQ. M) GO TO 15
0433 K2 = KM
0434 KO = IWKv(MM+1) + KI:
0435 10 K2 = K2 - 1
0436 K0 = KO - I
0437 RK2 = .K2)
0438 R(K2) = AO(O) - AK2
0439 A(KO) = q(KO) + RK2
0440 IF (10 .GT. KB) GO TO 10
0441 15 CI=OME

0442 SI =ZERO
0443 J_1 =
0444 K =MM - I
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0445 = 4
0446 IF (K LGE. I) GO TO 30

0447 GO TO 70
0448 20 IF (IWK(J> .CT. JJ) GO TO 25

0449 JJ = JJ - IkIK(J>
0450 J J - 1
0451 IF (IK(J) .GT. JJ> GOTO 25

0452 Jj=JJ- IWK (j)
0453 J=J-1
0454 K = K + 2
0455 '0 TO 20
0456 25 JJ = IWK(J) + JJ
0457 J = 4
0458 30 ISP = IIi(K)
0459 IF (JJ .EQ. 0) 60 TO 40
0460 C2 = JJ * ISP * RRD
0461 Cl = c3(02)
0462 S1 = SIM(C:2)
04'6.? 35 C2 = Cl * Cl -SI * Sl

0464 32 = Cl *(S1 +S10
0465 -3 = C2 * Cl -S2 #31

0466 S3= C2 # Si * S2 aCt
0467 40 JSP = ISP + KB
0468 C WRITE (37,997) 51,32.3

0469 C WRITE (37P997) C1,C2,C3

0470 DO 50 I = 1 , ISP

0471 KO = JSP - I
0472 KI = KO + ISP

0473 K2 = KI + ISP
0474 K3 = K2 + ISP

0475 ZAG = A(KO)
0476 ZAl = A(KI)
0477 ZA2 = A(K2)
0478 ZA3 = (K3)
0479 IF (Sl .EO. ZERO) 60 TO 45

0480 TEMP = Al
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0481 Al = Al * Cl -Bl *Sl
0482 BI = TEMP * S1 + B I Cl
048:3 TEMP = A2
0484 A2 = A2 * C2 - BE2 S2
0485 B2 = TEMP * S2 + BE2 C2
0486 TEMP = A3
0487 A3 = A3 * C:3 - B3 *S3
0488 E3 = TEMP * CS + B3 • C3
0489 45 TEMP = AO + A2
0490 H2 = Ao - H2
0491 AO = TEMP
0492 TEMP = Al + A3
0493 A: = Al -A3
0494 Al = TEMP
('495 TEMP = BO + B2
0496 E2 = BO - pa
0497 B:O = TEMP
0498 TEMP = Bl + B3
0499 E3 = El - E3
0500 BI = TEMP
0501 AZI=Ao+A1
0502 AZ2=BO+Bl
0503 AZ3=AO-Al
0504 AZ4=BO-Bl
0505 AZ5=A2-B3
0506 AZ6=B2+A3
0507 AZ?=R2+B3
0508 AZ8=B2-A3
0509 997 FORMAT (IX,4(E12.5,1X))
0510 P(K0) = CMPLX(AZlAZ2>
0511 A(K1) = CMPLX(RZ3,AZ4)
0512 A(K2) = CMPLX(Z5SAZ6)
0513 A (KS> = CMPLX (AZ7,AZ8)
0514 999 FORMAT (lX,'A COEFFICIEMTS,)
0515 50 CONTINUE
0516 C WRITE (37,998) A(K0),A('KI),A(K2),A(K3)
0517 C WRITE (37,995) KO,KIK2,K3
0518 995 FORMAT (1X.4(14,1X))
0519 998 FOPMAiT(I1X4(E12.5,lXPEI2.5,X)>
0520 IF (K .LE. 1) 60 TO 55
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0521 K= K - 2
0522 GO TO 30
0523 55 KB = K3 + ISP
0524 IF (KM .LE, K(B) GO TO 70
0525 IF (j .ME. 1) GO TO 60
0526 K = -

0527 J = MK
0528 GO TO 20
0529 60 J = j - 1
0530 C2 = Cl
0531 IF (J .ME. 2) GO TO 65
0532 Cl = C1 I CK + S1 I TK
0533 S1 =I S. * CK - C2 +SK
('534 '30 TO 35
0535 65 Cl = (Cl-Si) * So
0536 S1 = (C2 + Z:1) Q
0537 GO TO 3'5
0538 70 COMTIMUE
0539 C WRITE (:'37,998) (KZ),dZ=l,256)
0540 IF (M .LE. 1) GO TO 9005
0541 MP = M + 1

0542 JJ = 1
0543 IWK(1) = 1
0544 DO 75 I = 2,MP
0545 II WK(I) = IWK(I-1)*2
0546 75 COMTIMUE
0547 M4 = IWK (MP-2)
0548 IF (M GT. 2) MS = IIJK(MP-3)
0549 M2 = IWK(MP-1)
0550 LM = ME
0551 MM = IWK(MP) + 1
0552 MP = MP - 4
0553 J= 2

4-23

.,*hfS S'a im - §



0554 80 JK =JJ + N2
0555 AK2 = A(J)
0556 A (.) = A(JK
0557 R (-Je) = AK2
(;558 J = J+l
0559 IF (JJ .GT. 14) GO TO 85
0560 JJ = JJ + N4
0561 GO TO 105
0562 85 JJ = JJ - N4

0563 IF (JJ .GT. NS) G0 TO 90
0564 JJ = JJ + N8
0565 60 TO 105
0566 90 JJ = JJ - N8
0567 K = MP
0568 95 IF (IWK(KK) .GE. JJ) GO TO 100
0569 JJ = JJ - IWK(K)
0570 K = K - I
0571 30 TO 95
0572 1 00 JJ = IWK. ',K) + Jj
0573 105 IF JJ .LE. J) GO TO 110
0574 K = J1 -

0575 JK = N - JJ'
0576 AK2 = A(J)
0577 A (J) = A (JJ)
0578 A (JJ) = AK2
0579 AK2 = R(K)
0580 A (K) = A(JK)
0581 A(JK) = AK2
0582 110 j = J I
0583 IF (J LE. LM) 60 TO 80
0584 9005 ZX=12
0585 CALL TYPE (ZX)
0586 C WRITE ('37,998) (A(KZ),K.=1.,256)
0587 RETURN
0588 END
0589 C
0590 C
0591 SUBROUTINE TYPE(ZX)
0592 C WRITE(37,.20)ZX
0593 20 FORMAT(/,' SUBROUTINE ENTERED '!,F4.1)
0594 RETURN
0595 END
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4.5 COMPUTER SOFTWARE VERIFICATION

To assure that the software works properly, the follow-

ing verification procedure has been established. Before running

the program on real data, it is recommended that the program be

run on an idealized, sinusoidal waveform with slight distortion

added.

Two cases of distortion will be introduced; the first

one involves amplitude only, and the second one involves phase

only. The distortions are presented as sinusoids of various

amplitudes but always small enough so as to permit the use of

the paired echo theory concepts to be valid. Also, the period

of the sinusoid is always harmonically related to the bandwidth

of the equalizer network and as such is consistent with the con-

cept of representing the distortion as a Fourier series.

The test cases of distortion are separated into two

groups, one of which assumes only amplitude distortion and the

other of which assumes only phase distortion, but of varying

levels. The FFT presents the coefficients for the taps which

in effect represent the amplitude and phase of the echo associ-

ated with each tap. These coefficients are then compared to the

calculated values based on the paired echo theory.

CASE 1: A sinusoidal amplitude distortion of various peak to

peak values.

iGi 10 log10 11 2+Q2 I= 5.1og1 0 (1 2+Q2) =amplitude

0=tan-1 ~.=phase
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To simplify, we consider the effects of only amplitude distortions

so that assuming no phase distortion and letting Q = 0 we get

IGt 5 log 1 o 1 10 log10 I

0= tan "1 (2) 0

Since a sinusoidal distortion is needed:

sin AXN)K -l = 10 log 1 o I

where AX = incremental frequency

N = number of points

K = scale factor (for K = 1, numerator goes
0 to -2 or 2 dB

and 10 log I represents the distortion level in dB (peak-to-peak).

In order to fit the RADC data form so that -128 < I < 128, we multiply

the given values of I by 128.

TEST 1: Amplitude distortion, 0.5 dB peak-to-peak with first

echo pair

-0.5 = sin (AXN) -l = 10 log 1 o therefore K = 4

For 215 points in 2,n radians or 3600, there AX = 3600 and 0 <N <214
an20<N<24

I 1 [sin (AXN)
40

From the test run we get the first echo peak value distortion to be

-30.44 dB. Analytically (for small amp distortion) we have:

*Note that the number of sample points is not germane to the analysis
(as long as it is a large number) and relates only to the expected
number of samples to be used. We later change this to 256 points.
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a
20 glaL__ = amplitude ripple in dB (peak value)

20 log1 0  a0

a , a1
for << , 2 peak echo amplitude

al

20 loglo (a-) = echo in dB
0

20 1Oglo (I+ a) = 0.5 dBa0

1 = 0.0296

2ao 20

al

echo = 20 log 10 (2aL2) = -30.566 dB
0

TEST 2: Distortion is introduced in the second echo pair with an

amplitude ripple of 0.5 dB

I = 10 [(sin N)-l40 ]

2x360

where Ax = 26 and 0 < N < 215

From the test run we get second echo peak value to be -30.53 dB where

the calculated value is the same as before -30.566 dB.

TEST 3: Distortion is introduced in the first and second echo pairs

with an amplitude ripple of 0.5 dB

sin (AXlN)-l + 10 sin (Ax2N)-l
I = (10 [ 40 40 ])12

where 360 2x360
w h r e & x 2 -5 ; A x 2 =  g a n d 0 < N < _ 2 1 4
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Because we are summing two sinusoidal amplitude distortions of 0.5

dB each, the resultant distortion needs to be divided by 2 in order

for it to be 0.5 dB.

From the test run we get both the first and second echo

peak to be -36.2 dB. The calculated first and second echo peak is:

a1
20 loglo (1 +

0

a1  10 [0511 - 4 = 0.0148

S- 4 36.58 dB

20 log 10 a0

Tests 4 through 6 are the same as Tests I through 3 respectively,

except the peak amplitude distortion is set at I dB instead of

0.5 dB (then K = 2). Test 7 is the same as Tests 4 or 5 except

the distortion is introduced into the eighth echo pair. The

results are given in Table 4-1.

TEST 8: Distortion is introduced in the first and eighth echo pairs

with an amplitude ripple of 1 dB (K = 2)

sin (AX1N)-l sin (AX2N)-l
I = (10 20 ---- +10 20

where V 1 360. = 8x360 and 0 < N < 214S215' 2 215

CASE II; A sinusoidal phase distortion of various peak-to-peak

values. As defined previously the gain and phase are:

IGI 10 loglo /I2+Q2

= tan
I q

Now we want to have a sinusoidal phase variation, so 0 - A sin (AXN)k.

To simplify, let us set IGI = 0 dB so that:
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TABLE 4-1. TEST RESULTS OBTAINED WITH DEC-20 COMPUTER

Peak Ampl. Simulated* Calculated
Distortion Distortion Distortion

(dB) Echo Peak (dB) Peak (dB).

Test 1 0.5 1 -30.44 -30.566

Test 2 0.5 2 -30.53 -30.566

Test 3 0.5 1 -36.26 -36.58

Test 3 0.5 2 -36.27 -36.58

Test 4 1 1 -23.76 -24.29

Test 5 1 2 -23.85 -24.29

Test 6 1 1 -29.69 -30.31

Test 6 1 2 -30.04 -30.31

Test 7 1 8 -25.8 -24.29

Test 8 1 1 -29.77 -30.31

Test 8 1 8 -31.82 -30.31

*Actual Distortions outputted by the algorithm are in echo pairs.
The value shown is an average.
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221/2 2 2]1/2 2
(1) 10 logF1 0 [ I+Q 0 and [I +Q I or I+ 2  1

(2) T = tan (A sin(AXN)-k)

Q = I tan (A sin (AXN)-k)

Let A sin ( XN)-k 0 so that Q = I tan 0

From (1) we have:

2 1 2 222 = 2 2 1 =Q (1,

From (2) Q= I2 tan 2  = (lQ 2 ) tan 2 0 = tan 0 -Q 2 tan 2 0

Q2 + Q2 tan 2 0 tan 2 0

Q2 (l+tan 2 0) = tan 2 0

tan 0

1+ tan 2 0

I = I- tan 20/2 
1

- 2 3  - 2 1/
1+tan 0 (l+tan 2 0)/2

= tan -1 Q = phase

To simplify, let us always work in the I-V quadrant so that Q < 0
and I > 0, therefore when tan 0 < 0, then /I + tan 0 1 0. In order

to fit the RADC format (2's complement) we multiply I and Q by 128.

TEST 1: Sinusoidal phase distortion of 60 peak value is intro-

duced in the first echo pair
360

0 3 sin (AXN) -k where AX 3 6 0 < N < 214 and

k - offset = 420 places 0 in fourth quadrant

4-30

i,



Q tan(3 sin (6xN)-42) and I = /1 2

\,/l+ tan 2 (3 sin(AxN)-42)

From computer simulation we get the first echo to be -31.49 dB.

Analytically we get

20 log10  (4x360 echo in dB

where b = ripple in degrees

b1  = 60, 20 lOg1 0  24x -- ) -31 .64 dB

TEST 2: Cosinusoidal phase distortion of 60 peak value is intro-

duced in the first echo

0 = 3 cos (AXN) -2

The computer simulation is basically the same except that for an

odd (sin) distortion function the phase angle for the two echoes

is 1800 apart,whereas for an even (cos) distortion function the

two echoes are in phase. The opposite is true for amplitude dis-

tortion. That is, for odd function distortions the phase angle

for the two echoes is in phase whereas for even distortion function

the phase angle for the two echoes is 1800 apart.

TEST 3: Sinusoidal phase distortion of 22.920 peak value is

introduced in the first echo

0 = 11.46 sin (AXN) -42
Calculated result is 20 loglo (27r x 22.92 -20 dB and the

4x360

simulated result is -20.02 dB.

The results for the phase distortion test cases are

shown in Table 4-2.
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TABLE 4-2. TEST RESULTS OBTAINED WITH DEC-20 COMPUTER

Peak Phase Simulated Calculated
Distortion Distortion Distortion
(degrees) Echo Phase (dB) Phase (dB)

Test 1 6 1 -31.49 -31.64

Test 2 6 1 -31.49 -31.64

Test 3 22.92 1 -20.02 -20.0

4.5 PROGRAM TEST ON THE HP 21OOA

Three tests were run on the algorithm contained in the

HP 2100A computer at RADC. The first test is a single echo test

involving a peak sinusoidal amplitude distortion of 0.5 dB. The

second test is a double echo test involving a peak sinusoidal amp-

litude distortion of 0.5 dB with one sine wave at twice the fre-

quency of the other. The third test is a single echo test involv-

ing a peak phase distortion of six degrees.

To perform the first test, a program has been implemented

(now on disk cartridge 45) called "ATlO". A listing of this program

. ias.gi*.e.n in Appendix 3.

AT1O outputs M sample points of a distorted sine wave

given by:
[sin AXN]-I

I = 10 40

360 0where: AX = and N = 0,1,2,...M

In our case, we have run ATIO with 256 sample points (M = 255).

As mentioned, the phase comoonent of this test is 0. ATIO pro-

duces both the single echo pair and two pair test cases. The
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case just described (one echo pair) is printed out in a data file

called "AD0OO"; this file contains 256 octal mode (06 integers,

in two records, 128 numbers each; this file is the sequential

output of the "I" or amplitude function as N goes from 1 to 256.

To run the double echo-pair, amplitude-distortion-only

case, we executed AT1O again but such that ATIO adds to the first

waveform, a second one given by

sin TAX 2N -
12 = 10 40

where: AX2  2x360 and N = 0,1,2,....M = 2552e M

The superimposed waveform (this is what is printed out into the

data file) is

Isup (I + 12)/2

Again, there are 256 samples, written into two 128-number records
in 06 format. The file containing I is called "AD001". This

sup

double echo-pair that is equivalent to Test 3 of Table 4-1 which shows

the theoretical peak distortion to be -36.58 dB.

For the third case, phase distortion only, the program

"TEST I" was executed. The waveform produced by "TEST I" is a sine

whose phase is given by:

tan (3 sin(AXlN)-42)
Q X 360, N = 0,1,2,.....255

l+tan 2  (3 sin(AXIN).42) 255

To run this test case, we executed "TEST I" (also on

disk 45), and used the data file "AD002". This results in a test

case of 60 phase distortion equivalent to Test 1 in Table 4-2.
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Tables 4-3 through 4-5 give printouts of the data

contained in the output files for these three test cases, "ADO00",

"ADO01", and "AD002" respectively.

We can now compare the results obtained with the test

cases run on the DEC-20 and HP 2100A computers with their respec-

tive equalizer algorithms. Slight differences are to be expected

because of the differences in precision and the internal mathematical

algorithms. Table 4-6 shows the results.

The comparison shows excellent agreement between the

two equalizer algorithm outputs (DEC-20 and HP 2100A) and demon-

strates that they are performing the way they are supposed to.

4-34



TABLE 4-3. OUTPUT TEST 1 (ONE ECHO PAIR)

File ADOO

Attenuator Line Stretcher
Tap No. (dB) (Turns) (deg) (Div)

8A -.59754E+02 9.924 .77894E+03 7.2

7A -.57500E+02 9.133 .84826E+03 7.8

6A -.50899E+02 9.931 .12472E+03 6.7

5A -.54626E+02 9.280 .12426E+04 11.0

4A -.76775E+02 9.870 .13916E+03 1.3

3A -.57659E+02 9.054 .48888E+03 4.5

2A -.63654E+02 8.213 .82400E+03 7.6

1A -.30575E+02 2.894 .94832E+03 8.8

0 .95424E+01 0.000 .44309E+03 4.1

1B -.30102E+02 2.571 .40519E+02 0.4

2B -.58178E+02 8.552 .60589E+03 5.6

3B -.53561E+02 9.354 .47294E+03 4.4

48 -.57641E+02 9.961 .80104E+03 7.4

5B -.52656E+02 9.388 .15492E+03 1.4

68 -.68077E+02 9.716 .23711E+03 2.2

7B -.55111E+02 9.231 .61405E+03 5.7

88 -.58767E+02 9.938 .91032E+03 8.4
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TABLE 4-4. OUTPUT TEST 2 (DOUBLE ECHO PAIR)

File ADOOl

Attenua tor Line Stretcher

Tap No. (dB) (Turns) (deg) (Div)

8A -.58976E+02 9.646 .78231E+03 7.2

7A -.58854E+02 9.603 .86500E+03 8.0

6A -.50607E+02 9.816 .85919E+03 7.9

5A - .55226E+02 9.481 .90270E+03 8.4

4A -.74326E+02 9.505 .32962E+03 3.0

3A -.56551E+02 8.710 .36137E+03 3.3

2A - .36679E+02 3.518 .93857E+02 8.7

1A -.36044E+02 3.898 .95012E+03 8.8

0 .95424E+01 0.000 .44309E+03 4.1

18 -.35637E+02 3.589 .39872E+03 3.7

2B -. 35844E+02 2.950 .49132E+03 4.5

38 - .52810E+02 9.094 .60045E+03 5.6

4B - .57316E+02 9.856 .97058E+03 9.0

5B -.53165E+02 9.563 .13478E+03 1.2

68 -.66063E+02 9.314 .10264E+03 0.9

7B -.56190E+02 9.654 .59731E+03 5.5

8B - .58025E+02 9.706 .90695E+03 8.4
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TABLE 4-5. OUTPUT CASE 3 (PHASE DISTORTION ONLY)

Attenuator FieA04Line Stretcher
Tap No. (dB) (Turns) (deg) (Div)

8A -.59834E+02 9.953 .79680E+03 7.4

7A -.59511E+02 9.837 .73877E+03 6.8

6A -.50643E+02 9.831 .96246E+03 8.9

5A -.56282E+02 9.841 .11579E+04 10.7

4A -.72772E+02 9.269 .38686E+03 3.6

3A -.57695E+02 9.066 .39645E+03 3.7

2A -.66269E+02 8.720 .67455E+03 6.2

IA -.31102E+02 2.984 .10384E+04 9.6

0 .95424E+01 0.000 .44309E+03 4.1

lB -.31104E+02 2.74Z. .17235E+03 1.6

2B -.58022E+02 8.500 .44508E+03 4.1

38 -.53881E+02 9.466 .78023E+03 7.2

4B -.57201E+02 9.818 .86518E+03 8.0

5B -.53831E+02 9.794 .10693E+03 1.0

6B -.68513E+02 9.803 .20575E+03 1.9

7B -.56951E+02 9.961 .33624E+03 3.1

88 -.57922E+02 9.674 .66682E+03 6.2
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TABLE 4-6. COMPARISON OF TEST RESULTS FOR THE DEC-20 AND HP 2100A
EQUALIZER ALGORITHMS

Simulated Echo
Type of Echo Level in dB Theoretical

Test Distortion Affected HP 2100A DEC-20 Level in dB

Test 1, 0.5 dB 1A -30.58 -30.44 -30.57

One Peak 1B -30.10 (AVG) -30.57
Echo Amplitude
Pair Only

Test 2, 1A -36.04 36.36 -36.58

Double 0.5 dB lB -35.64 (AVG) -36.58
Echo
Pair 2A -36.68 -36.58

2B -35.84 -36.58

Test 3, 6 0 Peak 1A -31.10 -31.49 -31.64

Phase 1B -31.10 (AVG) -31.64
Distortion
Only
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While this is not 100% conclusive, it does provide

a high degree of confidence that the algorithm is working properly.

The only real test is the use of the algorithm over many real

situations which completely exercise it. Some comments about

what to expect are in order.

First of all , the Microwave Transversal Equal izer

(MTE) to be used to provide corrections to the distortion has

its own iherent second order distortions which are not constant.

That is, under one set of amplitude and phase adjustments for

each of the taps there is a given "self-distortion" which is

included in the data supplied to the algorithm to analyze.

When the amplitude and phase settings are now changed to cor-

rect for the total distortion reflected in the data, then the

new settings of the MTE will correct much of the distortion but

because the MTE settings are different from the original settings

there will be a new "self-distortion"~ introduced by the MTE.-

This means that the correction is imperfect and the process milst

be iterated until the distortion residue is less than the allow-

able value (or untilI the 'self-distortion' changes are greater

than the corrected indicated by the algorithm).

Another source of distortion lies in the hardware

used to provide the data samples. These distortions are:

1. the phase response of the components

2. the amplitude response of the components

3. noise introduced on the data (Gaussian)

4. random spikes (transients induced by

interference)
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5. sinusoidal variations (coupled interference
from motors, oscillators, etc.)

6. timing errors (clocks, circuit switching
speeds, etc.)

7. inaccuracies in data samples (improper
scaling, etc.)

8. digitizing errors (bit errors in digital
operations)

These errors introduce their own "self-distortion" and just as in

the MTE limit the residual distortion that can be obtained. In

addition, some of the errors are random so that iterations won't

hel p.

Finally, there is the algorithm itself. It cannot be

considered fully debugged until all combinations of operation have

been exercised. This is not a practical thing to do in the labor-

atory but instead requires a periqd of field use. In addition, the

algorithm has limits of precision which will ultimately limit the

amount of distortion that can be corrected even if the hardware

were perfect, although this is the area that is least likely to

present a problem.
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5. CONCLUSIONS AND RECOMMENDATIONS

Computer algorithms have been successfully developed to

provide open-loop adaptive control of the MTE. The algorithms are

based upon the application of FFT techniques, and the necessary

corallary software programming procedures have been developed and

described.

Verification of the aforementioned FFT and associated

software programming has also been accomplished at AIL with a

DEC-20 computer. Such verification has involved the ceneration

of output adjustment data for MTE control based upon computer

analysis of artificially simulated time sidelobe input distortion

levels. A similar procedure will be undertaken at RADC using

real-time I and Q data acquired at the A. Froelich High Power

Tube Facility. Such distortion levels will be processed at RADC

using translation of format programs between the AIL DEC-20 and

the RADC HP 2100A computers. Preliminary data suggests that the

post-delivery program translation will be successful after the

normal debugging procedures have been completed.

AIL recommendations for future MTE related efforts

include the following:

S Continuation and/or extension of contracted

efforts to include AIL post-delivery support

for RADC.

5-1
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* Investigation and definition of suitable closed-

loop techniques and procedures for adaptive oper-

ation of MTE.

a Development of suitable solid-state time delay

devices to replace the present manually adjust-

able line stretchers.

@ Modification of the MTE to expand capability by

providing 32 tap operation.

* Development of suitable electronic interface to

implement fully adaptive closed-loop operation

of the MTE.
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APPENDIX 1: SAMPLE RUN

This appendix includes a sample run of the program with the input data
entitled AD000.

:PU1, tIL
1

INITIAL SETTING AT TEP C, HOULD BE:

ATTENUATU]R ;-I -:TP 'T,_.HER

1 R=1 0. COO 1 H 7.9 \

A M=10. nO0 H '=6.2

3 =i . oo:i 01= 3.7

4 R=10.0:1'C, 4 R= 1.5

5 A=10. OQ0 5 R= 9.1
6 A=lO. O ) Initial 6 A= 7.5 Initial
7 F=10.O00O Attenuator - A= 7.0 Line

8 R=10.000 Settings 8 A= 6.1 Strecher

M = 0.000 M = 4.1 Settinns

I B=10. 00 IB 1.2 =O.O02 B= ,"
3 =I. 003 B= 5 . '

4 B=10.0O00 4 B= 7 . 2
5 B=I0.0O00 5 B= .5
6 B=10.01.11) 6 B= 14

1 - .

7 B=13.000 7 B= 3. a

8 B=IO'. OCC 1 6 .1.4

1-2
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APPENDIX 1 SAMPLE RUN (continued)

INTERMEDIATE SETTING:-3 AT STEP 1 ARE:

RTTENURTOR LINE STRETCHER

I A= 1.976 1 R= o:3.
2 R= 6.202 2 F= 7.8
:3 F= 9.519 3 F= 2.
4 A 8 .4'.c6 4 A= 1. C.
5 R= '9.669 5 A= :3.
6 A 9.705 6 A= 8.9
7 A =.-2:2'8.' 7 A= 6. 3
3 R= 9.4":4 8 A 6. I

M = 0.0:":' M = 4.1
1 B= 1.57- 1 ;= .4
2 p- .:. r:: B = 5.5

3 B= '9.665 3 B= 6.0
4 B= 9.-36;3 4 .= 7.1

5 B= 9.707 5 B= i.i
6 B= :3. '434 6 B= 3.-
7 B= 9.Z142 7 B= 3.9
:3 B= '.502 8 B= 6.2

AFTER 0 ITERATIONS, DISTORTION CAN NOTEBE COMPEWJ'TED

AIL STOP

Note: XD 20 in $ATIO when generating input for this run.

In subsequent runs, XD = 40
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APPENDIX 2. PROGRAM TO GENERATE TEST DATA

This routine generates ideal sinusoidal distortion as the data file for thte oorar.

uuc'1 FTN4.L
00 PFCRAM FiT 1
003D1MEMQ ON IBUF? <296' IBUF? '256A *MBUF 256:

uu'3i4 LINEN: ION I LCE: '7 ' t4NR1 ~.3*IEUFlOf 256.) .U .2v
095DIMEN:IOH LBUF.5: *IBUFi (256'

0006 DIMErC ION ILCB2 272.pNRMl r

0008 IT'FE=2

u009 IZEiQ)=1:3.
Cl C1ti DATA HAM, 2HRIL *2H0'3:'* H0

001 1 DATA NAtii 2HRD. H:0.2H1
C0a ALL GREWf ' D:B. IER'P.NAM'ICI:E. ITYPE?

AIT CALL CGREAT (IDCE:! *IEPP.NAM1ITUIJE' ITYPE)
0014H=5

-l~;,FLOAT J-W

002 LEUFk-'=' I :3.X I

002a3 IF('LUF 2:'. E.123.BUFJ:= 127
0'029 MEUF I' =256.ME:UFc-

0'03: 20 CONT INUE:

0031 DO 3 01 =IF I

C' 03?I VIJF2 (I ' =MPEUF I F
0034 30 CONTINUE
0035 'DO 40 k=l110?
0036, IBUF! .k:=LEUF'1a$.k,
00 -7 IBLIF 3..' =MBUF 2:3+k*

U3:3 40 C ONTINHUE
0039 'ALL J I TF 1'C-B *I E'P 'I BLIF0'

00401 CALL lWP ITF '1 LKpI ERP.F EUF 1:'
0041 CALL IdPITF (ILCEl *IERP. IBUF2)
0042 CALL IdPITF ':IDCE1 * EFF. ILUF3'
0043 CALL CLO:E'IDCE'IERP'
0044 CALL CLQ:E .IDCE:1.IERR-
0045 :O
0046 END
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This program generates a sinusoid with phase distortion only.

LISTq.$TEC-%T1: :45
STECTi T=01-C10)(4 IS ON CR00045 USING 0.0005 ELKS R=6034
AV'-L SL I PTN4

rirsoaPROGRAM TESTI
03I NTEGER I DCB (2'72) ,NAM (3) 1 BLIP 0 (2_56) ,I BUF 1 (2_56) LEUF (256)

0 004 INTEGER IC I7E (2)
00 ':~5ITYPE=2

1:11:10 I"E=2
0 0 f SI S IZE (2) =123

0 00C9 C CALL CPRT ( UCE. I EPP!, AMi I SIZE.- I TYPE)
.,Oil DATA NAM/' 2HAE'.2H00.,2H4 '

00Oi1 CALL CREATt(I 1CE!,I EPP. NAM I SIZE, I TYPE)
6 012 DX I =360f. 'P- LOAT (N- 1)-
A0(I113 DO 10) I=19N
'':14 :1 =ED:I*.F LOA T( I - I

I05Y@.* I N ~X1*. 1415' 180.) -42.
021 12=N 0(X-3. 14 1 5--18o.)
01:117 ,K3=COG (\*'3. 1415/18 0.)

01:119T2=T*T
00 N4-CCPRT(1+T2-.,
002 IIT.T.0) X4=-',e4

0022 G= T'X 4
00123 IG!=128..LJ
002-4 X: I =i.C'T (. -*Q
00Q2 5 II=128*XI
0026 IP(II.GE.127) I1=12?
00c 2 7 IF (II.LE.-128), I1=-iSS
0 02$' IF (IQ.GE. 12?) 19=127
002 IF (I0.LE. -128) IQ=-128

000IFU'I.LT.0)': 11=11+256
0031 IF (I!. LT. 0j 10=19.256
0032 LB-UP <I)=256.11 + 1
003 10 CONTINUE

0 034 DO 30J=19 128
e-0359 I BLIP 0 tj'=LBLIP J)
'lI:3A I BLIP1 J,) =LBUIF (J+ 128)
('03 -:7 30 CONT INUE

0038CALL IARPITP 'ItCB' IER. IBUFO)
00)3 9 CALL dRITF(IEICB. IEPP!IBUFi)
01040Q CALL CLOSE(I DCB.,IEPP.)
0041 STOP

11-3



Input for Case 1: 256 samples of sinusoid
listed from sequenral
fie 2 in decimal

3~72 >~& ~ 'Ci7& The ;, 1232

4 -

114 4 374

32CC' 25- I

-4C
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Input for Case 1: Octal Format

:LIST, AD 000
AD'000 T=00002 I S ON CR00002 USING 0000:' LKS R=0128

FEC::: 00001

074 0 0 (: 0744:':0 '744 : A 07440) 0. 44 00 :1744 '10 '.44 '0 C,075 ' : '14

07540 0 (75400 075_400 C' 76 C' 01 076 C 00 77 : 07600 '076 ':
07E. ' ' ' '76 ': ': : 1 4 ': ':'0 ( ' '' .764 : : ':76 4 ' :76 4 0 ': 7 .4 '

076400 07640 7 7 0 00 07 7 0 C10 C 77:'10 0 '77:0 0 : 77: f A0 0770Ci0
077 0 ' 077000 077000 0 774 00 0774 ': ': (1 774 :' '): 1 :)774 00 :774 1:'11)
077400 077400 077400 077400 077400 477400 077400 07740.
077400 0774 ' 7'7: 4 0774 0 7740 77400 A 774 0 1:) C'774:0 0 0:7741-':0.

077400 077400 077400 077400 07741714'0 07774 1'': ( 774 0 0477401.

07740 00 07740 A -: '74 ":' ': (1-z74 0':' -1774 0 : :774 0 : 7: 4:774 0 11774 110+
077400 0 071704 : 774 ': ': '.774 A 0': 7' 774 C:' :0 07740: 1) :77 C (1' Cr 77. 1000.

07700:) 07700 0 '7 07700 77 Ar : 1' 0 77000 0 77 00 ) 0 : 77t:00 0 4' : ':1 1-*

0764 : 7640 : 41764 ': 0':' :E7.4 1)'0 0':' 764 Q:U0 ' .764C') ,'-:76, 00 1.0 1.17. : Vi : 0i.
00 0 076000 0 00760 c 000 0 76000 07540 ':' 075400 .7 4 10 -

075400 075400 075400 075 ':' '0 0 075 0 0 0-0C 0 075000 '' 750:'00
075000 074400 '74400 074400 074400 0744':A 074400 0 740'' 1.

REC:: 00002

07400' 074000 07400 C"0740: 1 074 0 0' 073400 073400 (:f ':7340'C'
073400 0734,0 0 (73400 07301'0 73001 '3 073100 07.':1 C'0 073(000
073000 072400 072400 072400 072400 072400 072400 072400+

072000 072000 (7200'0 072000 (72'000 072000 072000 0720'?,''
071400 071400 071400 071400 071400 071400 071400 071400,
071400 071400 071000 071000 0710 0 0 071000 0 710 0 0'71 C'') C
071000 071000 '7100' 071 00 071 0(10 071C 071 000 0710 0C.
071000 071000 A71 000 071000 0 0701 ('0 ('71 00 0(710 00( 071 (00.
071000 071000 07100 071000 071000 071000 071000 071000*
071000 071000 071000 071000 0710 00 0 7100 U0 071 ,000 0'7 110 00*
071000 07100 Q 07 10 00 0 71000 0711110 00 0 714 1.0 0 71400 0 11 114 00CI

071400 071400 07140'0 (71400 071400 071400 071430 072 ('0 Q'*
072000 (7200 ('7200') (72'): C 720 0 0720 C' C' -72000 '724 0 04
072406 072400 072400 072400 072400 0724090 073000 073): 0' '

073000 073000 073000 073000C 073000 07:3400 0732400 07341.100
073400 073400 073400 074000 074000 074000 074000 074000.
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Input for Case 2: Octal Format

LIST.At'001

FI':OI T=002: IS ON CRP ':' (O':f L' SING F.00 BLk. 7= 12.

P'EC::': 0 A 0 1

0740: 07440 P74 CI'- 744 ') ':' 75: 075 0 (0 75 i' 075'a:.
07500 54 A754 ' 754 1': ': 07, 54'': ':76:: 0 0760 f: '76 '':
076 0'0'0 076 E 4 0 4 07, E76 4( 0 776 4 :': 0 76401 .076400 076401'*
1-77000l'lO ,. 7 0) 7 0)) 1 "1 7.1".f1.'( .1hO OT7),: .T I'll -1 T~
,.17 7 :I : 1 .' : 77 . .1177j0,': 77 0 r 0 0 :177 : 0:, 0 ' 77i0 (I I77w000'
U?(0077000 2 C 07741(''j ) 07 7 7 4i 0 00A07 7401-17 274 0 1) 07740) 0 77421)0.i
774:'00 077400 07:74 C, ') :c 0 (':' 01' ' C' 700 77000,' ':7a) '10o
'177 0 0:1 ':! i0. 77 1) A' 0 : ,,7 0 7 00 f, 0 77 01 0 a 1:, -. 4 a! I0' 764':':'1
076400 A:: ':' 6I 4 0 1:' 0174:'': 4 '' 7 4 V0':' ,I;T 7 ':'.4 '1: 17 , ':'E 0 U 076,1) 0 0 1' 76::'0.

7I(I 1:. ,- 1 -:1 .-1!11) 076 tao , P;I 4 0 ' 1540 (1 1:7541101: l 1! I..5,4i, 1.0 -7541; :.

01751l A(0 07 - '; I' T ' a ': 0 0 9 ' ':0' A :,75.0 0 ': a l :7521) (20' 0 'Ti 44 'a 0744 1
0 744'"1, 0 ' 440 (" 0 744 -1 0 (744 I' 0 C1744 2 :2 0 74 :4 0 ': 74 1) 0'0 ':74 oo(o.
07 4 1 0 10 , 7: 74 1-:0 i1 '7 4 0 I'l 0 C 4 :: 74 I 00': 7 74 (I ::1 0 0 0 7 4 0: 0 Q 7 ('174. 0 740 0 7 00 2 C I'I A ' 1 : '' :744(27-7 4fl I ( 7":4 ' I A ft7 I ':.7,4 ' 2) )7 4III*

,)7 3:401,' 0':7-4 CI' A 7' 34"" , :4 1.' 7:41(1 ('734 '0 07'340 07 t4(1":.
"'.3 4 A: ': 01 4 1 :0':, ' ':7, ': 4 ':0 0) 0734:1)'1 073400 1.1'74'1:':'' 1:174 ' 01''0 174 f 0:
074:':.'I I :'74 0, 0: 07 :21)' 074"' : :'74l.'i (21:2 ':0074 f':' 10 74 ," ,':6 2: l 174 00 0*

PEC::; 000(02

0741'01 0740') 0 744)' 0(1744110 (0744'0 07440:0 0.74400 074410 0*
074400 (f744 )74400 1744002 017441,1 0(7441(1. 07440) 07501A1.0
075000 0'7 01':(1'i '750 '0 0 :75 0)) 0 075):'0 07 5 ))00 07500A _75,:'0: .
075000 07 ~50 075190) (175111(75 0 0 (' (7511 1)07 5090) 0 752(2( 0l)7 50') C'.
07441(0 (.744(01 A174401 074411(1 '74410 17442( 1:174411.1 0'7440').
074400 (074401) 0 74 0I 0 0 (274 ( 0I ( (1741(1 ('741':(.4)2 1 )74(l00)'

':74000 :'' 077 S:l 1:1 34I"1) 1:2 4')0 07 .,.34'10 073400 0 (074)) 0 (73 0(
073000 073000 0730(Q0 07:3000 07300 0' 072400 ('72400 (172400
072400 0'724(10 ('7241(1 0 072 00v'0 (072(1) 0(' '3t)72 (0( 01)7200(0 072000*.
072000 (17141(1 '7141(0 0'71400 ('14(0(' Of.14() ("'714"1 2)714(1)
071400'1 07141)0 (714 0') 0714100 07100f)0 171110 0 I710:0 0711o11.
071000 071000 071('00 (710'0 0)71((10 0 Q7(,100 071000 0714(10*
071400(I 07140'0 07141 .10 ('7141.(1 07141.('( (17140)1 0 7 '4 Q Q ;7140(1
071400' 0 0 0..'. 07200A 0720('.. 7'-00 0 072 ':' ( : 000 072401*
072400 0724"1) (172411400)"72400 (' 73 0:' 0(2 173000: ('73,'I0 1)3-)0.
07340' 1"7340' 07:4-' '7341)) (27"4( 1(,1) (1741)1(I 0"'740')') 074000
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Input for Case 3: Octal Format

LIST RD004
AD 004 T= 0i 002, I S N C:O U00002, US ING ) '1 0'002 ELKS R= 0128

PECt: 3 ~ o'':i

05765 '57653 '157653 0 575 0 576 5 057653 057654 0 57654.0
057654 060:254 16f10254 'E6 ,0254 1610254 ;1060254 10160255 '16 0255e.
060255 06 I2 55 1A65 0E5 1.165 ; 5 1. A655 0-16 1. 55 65E.5 16':'656.
'6 0656 06.0656 06 5 6. " 06065. 06656 " 6 256. 125
061256 I61257 0161257 061257 061257 061257 061257 061257.
061257 061257 061257 061257 061257 061657 061657 061660.
0161660 061660 061660 061 061660 061660 061 E,
061660 061 E 60 ('66166') 06 1 66(1 0 IE,161 ('61 6601 '16 66('0 '.,6 1 t "
061661) I) 166 (1 ;1616611 0 166(I I61661 I 61661 061661(I I P-6,.1 t 11 *
0161660 0660 16 6(1 (i, 166 0166 (1660 06.1 660 061660 it, t. 0*
0.1660 061657 06165.75 061657 0.1257 01257 06 E.15 '_ 1 -7.

061257 061257 061257 :61257 1257 61257 061257 1: 125.
0#61256 2 1256 125 6 0665 060656 060656 060656 060 6656.
060656 060656 0606555 060655 060C655 060EC12655 06 i -55*

060255 f15.15 060254 060254 06.0254 060A254 061".254 1)60254*r..r1

057654 057654 057654 057653 057653 057653 057653 057653.

PEC: 00002

057653 057253 057253 057252 057252 057252 057252 057252.
057252 057252 056652 C156651 056651 056651 056651 056651.
056651 056651 056651 056651 05625') 056250 056250 056251.
056250 056250 056250 056250 056259 1)56250 056250 055647.

055647 055647 055647 055647 055647 055647 055647 055647.
43P- COL-ZEFP
055647 055647 055647 055647 055647 055-46 055246 155246.
055246 055246 055246 055246 055246 055246 055246 055246.
055246 055246 055246 055246 055246 055246 055246 055246'
055246 055246 055246 055246 055246 055246 055246 055246.
055246 055246 055246 055246 055246 055246 055246 055246.
055246 055246 055646 055647 055647 155647 055647 155647.
055647 055647 055647 055647 055647 0:155647 055647 0 55647'
055647 056250 05i56250 056250 056250 0"156250 056250'1 056250.7*

056.50 056250 056250 056251 056651 .56651 0i56651 0"56651'*
056651 056651 056651 056651 056652 157252 I1s 057252'.

057252 057252 057252 057252 057252 05725:3- 0517653 1576534
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Input for Case 3:

Decimal Format

24491 24431 24491 24491 24491 244Q1 244;2 244;2
24492 2474 2 47 2474. 24743 24748 244 2474,-
24749 2.4749 2 505 . ..... 2-' -

2506 2*.6 25, A 2L - " -

).,20 -2 5 : 05.,. 0 2.'20 2 5 .2.0 2) 5 2 -0
5520 ,5520 2" . -=5'i . '; -- .' =520

25'2 5?0 ...', ... 55. -2 --5 ...2!5-520 ,,. 5,2 0-.5=Z:
2" 2.52"53)2550 5=.2 -5202520 2E52,' 3 5

263 - 3 25N 55 5

25' L 2
25:,; 6 25 25005 2 C-05 J.065 50 4749279

24749 24-49 2,474 247 a8 R 474.:' 247 474
244y2 ;,44Z 24492 14491 44 144 1 244;1 24491244-;)i 2 4 3Z2 24 "9: 242?1 242.1 -22? ,-. ,3"244 1 24 .- .4,. 5 24 4 1 4 \,,... 1

24-; 4 2423: 207R 1'477 3972 -3977 77-.977 2 1-9 7 ....17.'z 2": 77 2-3720.,a 2- '.72q:1 ...).z," 2

2,3720 2370 23720 23721720 23 0 27 0 237-0
232.,L3 2 -)4 1 2":.463 "," 2 . " L 3 r " 6 22 ...

234-,n2 14- 2 ,4 ' 6463 2-,23206 2-32!,-6 n-11 rL 2 2 '  -6 2
232."" 2120-! 

1' 10" '' 2-120- 212-L n
2 406 23206 2.321 2 0

& 406 Z313 2 '41 -- 2$3 1, 13~~

n346? 2320! 2720 2 ..0 2 2 231720 201 2 ...
23720 2,,20 2372C 2'.21 22977 2...77 2 ... 7 7.
23977 23977 23977 23977 23978 24234 24234 4224
24234 24234 24234 24234 24234 24235 24491 24491 STOP
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MISSION
Of

Rom Air Development Center
RA19C pflzn6 and executeA6 keeAch, devetopment, tat~ and
aetected acqwL6ition pl'og'am in 6iuLpport o6 Command, ContAot
Commnation6 and Intet-Ugence (C31) activiteA. Tecnicat~
and engineek'znq 6uppo'tt ithin oAieas o6 techn.Zat competence

£6p'touvded to ESP Ptog'tam 0jjce6 (P046) and othe/t ESV
etement6. The p'ancipat tehieo. n'&6son aAeoa6 aAe
commtnation6, e.Lectomagnet&2 guidance and contbwC, &6u'-
veiUance o6 q'tound and aeto6pace object6, intettigence diata
cottection and handting, inomto 4y6& ten .tehnotogy,
ionospheui. p'topaqation, .6o.Cd Atate .6cience,6, mi.cAowa.ve
phy4.c6 and etectAonic ktetiabitity, maAintanabititzy and
compatibi2Zitq.
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